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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a zoom lens 
capable of shortening the depth and making the diameter 
of a front lens small in a zoom lens mainly used for a 
video camera. 

SOLUTION: This lens a mainstream of a zoom lens 
currently used for a public video camera. In a so-called a 
four group inner focus zoom lens, a right angle prism P is 
arranged behind a three group fixed lens L3 and the 
optical axis is bent by 90° . Consequently, the depth of 
the zoom lens is shortened and the miniaturization of 
the zoom lens and the whole video camera are enabled. 
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* NOTICES * 

Japan Patent Office is not r sponsible for any 
damag s caused by th us of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original " 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The zoom lens characterized by having arranged the rectangular prism and 1 bending 
about 90 degrees of opticals axis in the zoom lens which consists of the 1st lens group of 
fixation in order, the movable 2nd lens group which mainly changes a scale factor, the 3rd lens 
group of fixation, and amendment of image movement by zooming and the movable 4th lens 
group which performs focusing between the above-mentioned 3rd lens group and the above- 
mentioned 4th lens group from a body side. 

[Claim 2] The zoom lens according to claim 1 which uses the above-mentioned 3rd lens group as 
the plano-convex lens of one sheet, and is characterized by having joined the flat surface and 
plane of incidence of the above-mentioned rectangular prism, and constituting in one. 
[Claim 3] The zoom lens according to claim 1 characterized by constituting the above-mentioned 
4th lens group from a body side in order at three sheets of the cemented lens of a concave lens 
and a convex lens, and a convex lens. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the small zoom lens 

used for a video camera etc. 

[0002] 

[Description of the Prior Art] For example, in the noncommercial video camera, the zoom lens 
which consists of 4 lens groups of a convex, concave, a convex, and a convex in order [ side / 
body ] is common, and it considers as the composition suitable for a miniaturization and cost 
reduction. 

[0003] > 
[Problem(s) to be Solved by the Invention] However, there is no example as for which the ratio 
of the overall length from the front ball of a tele edge to a focus to the focal distance of a tele 
edge and the so-called looking-far ratio were made to one or less with the zoom lens of the 
above-mentioned conventional noncommercial video camera. Although it is advantageous to a 
miniaturization if refractive power of each lens group is strengthened, change of the curvature of 
field by change of the curvature of field in zooming and the photographic subject distance by the 
side of looking far is not avoided, and increase of the distortion aberration of a wide angle edge 
is not avoided, either. 

[0004] Moreover, some driving gears with which not only the overall length of optical system but 
the electrical part by which it has ridden on the terminal and the circuit board of an image pck- 
up element is contained, and the depth size of a zoom lens drives the 4th lens group further may 
project back. It has been a serious obstacle, when the depth of back parts comes to occupy ten 
percent or more of an optical overall length and shortens depth from these image surfaces. 
[0005] On the other hand, when digitization, densification, and a miniaturization progress and the 
record medium of video miniaturizes a camera, the inclination which becomes still stronger has 
the demand of the miniaturization to a lens. 

[0006] Although it can tell the miniaturization of a video lens that the screen size of solid state 
image pickup devices, such as CCD, having been miniaturized, and having been high-sensitivity- 
ized has contributed most, in order to make a screen size small, maintaining the number of pixels 
which can suit high definition-ization of a record medium, there is admiration approaching the 
limitation and it is becoming difficult to attain the miniaturization of a zoom lens on the extension 
wire of old technology. 

[0007] Then, this invention offers the zoom lens which cain shorten the depth size of optical 

system as much as possible, and can attain a miniaturization much more. 

[0008] 

[Means for Solving the Problem] In the zoom lens which consists of the 1st lens group of fixation 
in order, the movable 2nd lens group which mainly changes a scale factor, the 3rd lens group of 
fixation, and amendment of image movement by zooming and the movable 4th lens group which 
performs focusing, between the above-mentioned 3rd lens group and the above-mentioned 4th 
lens group, the rectangular prism has been arranged and about 90 degrees of opticals axis are 
bent from the body side. 
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[0009] Thereby, the size of the depth of a zoom lens becomes short and the miniaturization of a 
zoom lens is attained. When this zoom lens is used for a video camera etc the whole 
miniaturization of a video camera etc. is attained 
[0010] 

[Embodiments of the Invention] Hereafter, the example of a gestalt of concrete implementation 
of this invention is explained with reference to a drawing implementation 
[001 1] Drawing 1 shows the zoom lens of the example of an operation gestalt of this invention 
this zoom ens is mainly used for a video camera, and it aims at making small shortening 
especially the size of depth, and front ****. "»ning 

or21r 23 |J h tL COmPOS , iti0n °!- th J S Z °° m l6nS The l5t ,6ns grOUp L1 of Nation [ side / body ] in 
scafe factor ST? hT m ° Vable 2nd ,ens ^ L2 which mainly changes a 

' h faCtor tbe 3 A [t 6nS gr ° UP L3 ° f fixation ' and amendment of image movement by zoomfng 
Et^nT K to "« «~«P L4 which performs focusing Rectangular-prism P is arranged 
between the above-mentioned 3rd lens group L3 and the above-mentioned 4th lens group L4 
S_?« 5,'?- characterized ^ Ending about 90 degrees of opticals axis C P ' 

L001 3] It can be said like (the column of Object of the Invention described) that the depth size of 
a zoom lens ,s very difficult for making it shorter than the focal distance of a £ fee^^clX 
all salients since [ which was mentioned above ] an optical overall length exceeds 1 by the 
lookmg-far ratio and parts project further more back than the image surface. Then in the 
examp e of an operation gestalt of this invention, about 90 degrees of opticals axis C Were bent 
^0^?^ a v PnSm P ' 7 d PUrP ° Se iS attained * COnS,dered as the above-mentbned 4 
nlLr 7°h S t ° n "T ° CUS meth ° d ZO ° m ' enS Which is eas * to constitute from few lens 
number of sheets as basic composition of a zoom lens. It arranges between 4 lens groups and an 
mage pck-up e ement. as arrangement of prism - 4 group composition - leaving as itTs - an 
incidence side the [i.e.] - or it will place before 1 lens group and will stand the who e zoom 
1" a "J eCt, °" S ! de j the , e - 1 ~ 'f only an image pck-up element is bent, although 
influence of mechanical precision which can prevent the eccentricity of a zoom lens system and 
carries prism into optical system will be made to the minimum The volume of prism is S lTrge 

Thortel'd mo °st a t ?: nC,de r about * h ° rte ™g of the target depth. AlthoughTep^h can be 
shortened most, the area (equivalent to front ****) of prism plane of incidence becomes large 

deoth ^ eS ' gn 3 b3Ck f9 ? US f ° r 3 '° ng time " Prism Wi " be arran * ed - there will bVWeffects of 

lens J>un ^•7 g r mPare t W u th inCreaSS COSt ° f prism and the m ° v * direction of the 4th 
lens group will not change ,f the purpose cannot be attained but it puts on a injection side Some 
driving gears may project back and depth brings a result which cannot be shortened in Ztcal 

len 0 s 1 tro A urL3 di rnH O ^ osition of th '* ^om lens, arrange drawing S just before the 3rd 
lens group L3, and since the compos.tion to the 1st lens group L1 the 2nd lens eroun I 9 »nH 

X^lt^Z'Tt C ° mP0Si f i0n ^ arrangi " g ^^^^^ 
In I rZr- H + 5 * " the ° Pt ' mal arran Sement for the miniaturization of front **** 

the ? nH ° 'ncdence ,n parallel with an optical axis C becomes a divergent pencil of rays by 

ecta^u ::! D ^ s Tp L f and in ;. r ar / ate afocai by tne 3rd ,ens ^ lIt^™ of y y 

rectangular prism P ,s small and it ends, since the inclination of the chief ray which goes out of 
a thing near afocai and a shaft is small, total reflection can be applied by the reactor of 
S a Tr Z and ° f Permeab '«ty * made to the minimum. For example a depth size 
lid. if th 2h . V g e f! nded downward > th ° u * h driving gears will project to an image 

side, ,f the 4th lens group L4 will move up and down and arranges the driving gear beside thTSh 
lens group L4 when an optical axis C is bent downward by rectangular-prism P? th 1st lens 
group L1 to the ndgeline of the back end of rectangular-prism P 

svsLii n^'V^" 1 ^ a u ° Perati0n f ° rm ' ° rder t0 make the de ? th size of the optical 
system of a lens into the shortest, the 3rd lens group L3 is used as the planoconvex single lens 

St^Te of ^h e e C °. nVeX t ; the , b ° dy and * " characteri -d byjoinfng the flat surfat and 
LLr a Jlv thl 5S P ,nC , ,d o enCe ° f rectan e ul ^-P^m P. It becomes unnecessary to hold 

fo Tortn 1 f T S I ° UP Vl and rectan g u,ar -P rism P by this composition, and is effective 
for shortening of a depth size. Thereby, the miniaturization of a zoom lens can be attained 
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further and the miniaturization of the whole video camera using this zoom lens can also be 
attained. Moreover, if it assembles so that the optical axis C of the 3rd lens group L3 and 
rectangular-prism P may be in agreement at the process of the above-mentioned junction, it will 
be hard to produce an eccentric error rather than it holds each separately. 

[0016] Composition of the 4th lens group L4 is characterized by constituting from a body side in 
order at three sheets of the cemented lens of a concave lens and a convex lens, and a convex 
lens. In order to arrange the 4th lens group L4 behind rectangular-prism P, the beam-of-light 
quantity of the chief ray by which the distance from drawing S to the 4th lens group L4 passes 
along the 4th lens group L4 by becoming far from the 4 group inner focus zoom lens of form 
conventionally becomes high. Although there is much what made the 4th lens group the two- 
sheet composition of the cemented lens of a concave lens and a convex lens conventionally, if 
the beam-of-light quantity of a chief ray becomes high with the composition, comatic aberration 
will mainly occur greatly from the plane of composition of amendment work of astigmatism, and 
amendment is difficult while it is two-sheet composition. The positive refractive power of the 4th 
lens group L4 was divided into two lens groups, the curvature of a plane of composition was 
made [ the lens by the side of a body with a large bundle of rays ] loose for astigmatism with the 
amendment as a cemented lens of a concave lens and a convex lens, and the increase in coma 
collection and distribution is prevented. 
[0017] 

[Example] Hereafter, the example of this invention is explained based on drawing 1 . 
[0018] The zoom lens shown in drawing 1 The 1st lens group L1 of fixation [ side / body ] in 
order, The movable 2nd lens group L2 which mainly changes a scale factor, and the 3rd lens 
group L3 of fixation, It consists of amendment of image movement by zooming, and the movable 
4th lens group L4 which performs focusing, rectangular-prism P has been arranged between the 
above-mentioned 3rd lens group L3 and the above-mentioned 4th lens group L4, and about 90 
degrees of middles of an optical axis C are bent. The cemented lens and convex meniscus lens 
of a concave lens and a convex lens constitute the 1 st lens group L1 from a body side in order, 
and the field by the side of the image of a cemented lens is the aspheric surface. The 2nd lens 
group L2 consists of the cemented lens of a concave lens and a concave lens, and a convex lens 
in order [ side / body ]. The 3rd lens group L3 is the planoconvex single lens of one sheet which 
turned the convex to the body side, the convex is the aspheric surface and the flat surface has 
joined the plane of incidence of rectangular-prism P. Constituting the 4th lens group L4 from a 
body side in order at three sheets of the cemented lens of a concave lens and a convex lens, 
and a convex lens, a convex single lens is the double-sided aspheric surface. In addition, the 
flat-surface glass with which Q is equivalent to a filter, and K are the image surfaces among 
drawing 1 . 

[0019] Next, the numerical example of the above-mentioned example is shown in Table 1 - 3. 

[0020] 

[Table 1] 
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[0021] The refractive index [ in / i-th e line / of a radius-of-curvature dklens / of the i-th 
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[0022] 
[Table 2] 

'*f ffi f S 5 , dl ° 4M dl9 

18" -11 ?• U *?• 1= 4 - 149 4-207 

43' 00 i f' IS f - f f 0. 9 9 4 7. 3 6 3 

43.0012.55 1.45 5.284 3.072 

'*v?7 5. 0 0 

[0023] 
[Table 3] 
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C0 ?h!l TI ? e 11 definit, i )n ° f the aSpheHc SUrface: Ex P ress chii a "d the height from an optical axis 
with the following formula 1 in it. using the depth of the aspheric surface as rf 

astT^ism TJm l 8 ;\ 3 l!, nd aberratio "-— • view (for spherical aberration and (b) 

,n S / "(1-H2/H2 W^iu nt ° n ! b Z r f° n) ln 6aCh f ° Cal dlStanCe ° f *= 43 00 are 
respectively n{2} +Sl gmaA.-H, dj^wjng^ , drawing ^ . and drawing 4 , 

[0026] In addition according to the aforementioned example, although the zoom lens of a video 
[0027] 

fixSon fside /Th^V A 0 "*!"** this inventio ". *s mentioned above, the 1st lens group of 

wh^h mLn^ nh y 3 ° r 1 de :' ' n Z °° m ' enS Which COnsists of the ™ v able 2nd lens group 
wh.ch mainly changes a scale factor, the 3rd lens group of fixation, and amendment of ima*e 

TaZTt^ T^" d ^ m ° Vab ' e 4tH tenS gr ° UP Wh ' Ch performs ^uSn^hav^T 
arranged the rectangular pnsm and having bent about 90 degrees of opticals axis between the 
above-mentioned 3rd lens group and the above-mentioned 4th lens S L P %Tle l7the ^ 
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3. In the drawings, any words are not translated. — - ~ 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The b|ock diagram showing the example of a gestalt of operation of the zoom lens of 
this invention. 

[Drawing 2] (a), (b), and (c) are each aberration-curve view showing the spherical aberration in 
the focal distance (f= 4.3) of a wide angle edge, astigmatism, and distortion aberration. 
[Drawing 3] (a), (b), and (c) are each aberration-curve view showing the spherical aberration in a 
middle focal distance (f= 18.13), astigmatism, and distortion aberration. 

[Drawing 4] (a), (b), and (c) are each aberration-curve view showing the spherical aberration in 
the focal distance (f= 43.00) of a tele edge, astigmatism, and distortion aberration. 
[Description of Notations] 

L1 [ — The 3rd lens group, L4 / — The 4th lens group, P / — A rectangular prism, C / — 
Optical axis. ] — The 1st lens group, L2 — The 2nd lens group, L3 



[Translation done.] 
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